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aryl, provided that both groups are not aryl. The 
preferred alkyl groups are methyl, ethyl and propyl but 
may also be butyl or larger groups. 

Among the preferred hydrogen-containing ethers which 

5 may be used in accordance with the present invention are 
dimethyl ether, diethyl ether, dipropyl ether, 
tetrahydrofuran, dioxane, tetrahydropyran, trimethylene 
-v- .-. oxide or ^ethylene-, glycol dimethyls ether. 

The preferred f luoro-olef in is tetraf luoro-ethylene . 

10 Other f luoro-olef ins which may be used are 
dif luoroethylene, chlorotrif luoroethylene, 
perf luorcyclobutene, trif luroethylene and 
hexaf luoropropene. The mole ratio of the f luoro-olef in 

15 and the hydrogen-containing ether in the adduct may be 
from 6:1 to 1:1, but in certain instances may involve a 
larger amount of f luoro-olef in. For many working fluid 
applications, particularly for heat pump applications, it 
is preferred that the ratio of f luoro-olef in to the 

20 hydrogen-containing ether in the adduct is 2:1 or 1:1. 

The fluorinated ether according to the present invention 
nay be one of the following compounds: 
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This invention relates to certain *, • 
«* to the use of the „ . "«orx„.ted ethers 

us e of the fluorinated ether* < 
diverse fi eldfi 3 number of 

f"lds, especially as iner t fi uids for 

-Xing fluid of a ^ 

The invention rel^o* ^ 

4 delates to novo! *t 

w «ich are the Drori • Urinated ethers 

" ee radi «l addition of a 

£luorl °"' d •">« - partiauy or r ; The 

d "ring the fl„«,.,- . y fluor mated 

9 fl^ormatxon reaction. The 

hydrogen-containing ether i, 

y etner is preferably of t-h. * 

«-0-K' wherein R and R' are h d ^ 
the groups r and R' i s nrof w , 

~ . * nd , ;r r ie - - »> 

»»4 naybe selects * ° r "««"„t 
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The present invention also includes a process for 
making fluorinated ethers as described above wherein the 
fluorination of the adduct is effected by the use of a 
high valency metal fluoride as a fluorinating agent at a 
5 temperature above 200°C. A fluorination procedure of 
this general kind is described in -Advances in Fluorine 
Chemistry" Vol 1. Butterworth, 1960 P 166. Cobalt 
trifluoride alone or in association with alkali or 
alkaline earth metal fluorides such as potassium 

10 fluoride or calcium fluoride are the preferred 

fluorinating agents. In the process of this invention, 
the fluorination is preferably', effected in the 
temperature range 300°C to 600°C, eg. at temperatures 
between 400°C to 500°C. 

15 The present invention is concerned with compounds 

which have good stability and by suitable selection 
compounds are provided for use as inert fluids and in 
particular for the working fluid of a heat pump. 
Furthermore, compounds may be selected which are 

20 particularly useful as heat pipe fluids, as coolants, as 
heat absorption media eg. for geothermal heat recovery, 
as lubricants, in vapour phase soldering, as solvents, 
especially in the separation of ethyl alcohol from 
aqueous mixtures, or as dielectrics. Several of these 
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C W 2 (!f 2 CF 2 CF 3 
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CF 3 CF 2 CF 2 OCFCF 2 CF 3 
CF 2 CF 2 CF, 
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Fluorination with cobalt trifluoride is a technique 
well known in the art and is described in standard text 
books, for example R.D. Chambers "Fluorine in Organic 
Chemistry", see page 25. As is .known, cobalt trifluoride 
5 can be re-generated by reacting elemental fluorine and 

the cobalt difluoride resulting from the organic fluorina- 
tion reaction. 

There is set out below a number of fluorination 
reactions in accordance with the present invention which 
10 have been carried out. All these fluorination reactions 
were effected, as indicated using cobalt trifluoride at 



440°C. 
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uses require the fluorinated ether tn k 

... ether to ha ve particularly 

high stability, which is a f. atUr . , . * 
this , 6atUre ° f the ^pounds of 

«*■ -vention. Farther., the use of partly 

-orinated founds as starts materials for the 

0ri : ati ° n ~ *» - «... substantially avoids 
not merely inhibitg fetation of the adducts: ' 

dltlOMlly flU ° ri - — g adducts used in 
-ordance with this invention per.it controlled y ^ 

to be obtained with respect to 
10 respect to various fluorinated 

. ethers. 2t is known 

„„ e ournal of Fluorine Chemistry 
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usual „ • 7 Tatl ° W) that the 

««1 experience with fluoridation of hydrocarbon 

r C ° ntainin9 °° flU ° rine -•-P.oduct-ion o f a 
-Plated mixture of fiuorinafced a ^ ^ 

fluorxnated products, including the oro* . 

-mg cne products of 

lamentation. In usi the 

^ployina co h , . " anven *i°n 

*lz: ttifiuoride - a — « 
.««.* t enpe „ tures complete f ^ 

if the te„ perature 

° «••=. f« adducts eiteiBoli ie ; ; f the — <* 

— in «. productio „ f ^ u " — "0-C 
ethers. Partially fluorinated 



25 



WO 84/02909 PCT/GB&4/00Oi3 



CH 3 CH 2 OCHCH 3 CF 3 CF 2 OCFCF 3 

CF 2 CFHCF 3 * CF 2 CF 2 CF 3 

43% 

CH-CH-O-CHCH, CF 3 CF-0-CFCF 3 

3 | I 3 » I I 

5 CF 3 CFHCF 2 CF 2 CFHCF 3 CF 3 CF 2 CF 2 CF 2 CF 2 CF 3 

44% 

CH 3 CH 2 CH 2 -0-CHCH 3 ^ CF-jCF^OCFCF^F-j 

CF 2 CFHCF 3 CF 2 CF 2 CF 3 

. CH 3 CH 2 CH-0-CHCH 2 CH 3 CF 3 CF 2 CF-0-CFCF 2 CF 3 
10 . CF 3 CFHCF 2 CFjCFHCf" * CF 3 CF 2 CF 2 CF 2 CF 2 CF 3 

12% 



The use of the above-de'scribed cobalt trifluoride 
technique the fluorination of an adduct in accordance 

1 5 with the present invention enables the temperature 

dependance of the fluorination technique using cobalt 
trifluoride uo be determined. The following Table I 
gives the results of experiments conducted at various 
temperatures using cobalt trifluoride and the adduct 

20 2-(2-hydrohexafluoropropyl)oxolane. At temperature 

below about 200 °C virtually no fully fluorinated ether 
is produced. On the other hand, at a temperature of 
440 °C very little product results other than an excellent 
yield of the fully fluorinated adduct. 

25 



OM?l 
WIPO 



WO 84/02909 



- 7 - 




^CF 2 CFHCF 3 




PCT/CB84/00013 



- CF 2 CF 2 CF 3 



(Yield ^ 621) 



CF 2 CFHCF 



, Of*** 1 



(Yield ~ 



70%) 



10 




-CFjCFHCF- 




(Yield ~67%) 



IS 




20 



(Yield 60%) 



25 



30 



H 



(Yield 65%) 



(Yield 64%) 



WO 84/02909 



1 0 



PCT/CB84/00013 



The following Examples illustrate in detail the 
preparation of fluorinated ethers in accordance with the 
present invention 

Example 1 

Preparation of Perf luoro-2-Propy loxolane 



10 2-(l,l,2,3,3,3,-hexafluoropropyl) oxolane was 

fluorinated with cobalt trif luor ide/CaF 2 to produce 
perfluoro-2-propy loxolane (II) in good yield, 

/°\/ CF 2 CFHCF 3 CoF,/CaF 2 /\/ F 2 CF 2 CF 3 

H 29 W F 2<r V 

z | I H N 2 Carrier gas *'| j 



15 



H 2 C CH 2 "(SOml/min) ^ ^f/ 

<140°C 

(I) (ID 71% 



Experimental procedure 

The f luorinating reagent (appro* 330g) was generated by 
passing fluorine gas through a bed composed of 150g of 
cobalt difluoride and 150g of calcium difluoride until 
fluorine was detected at the bed outlet using 
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Temperature Dei 




or 



C F CFHCF 



CoF_ 



N 2 CAJiRI « CAS (50 «!/„,!„) 



X Yield TemperatureCc) ' XC P 0 K , Hn v r 

and 

less- 

fluoridated 
derivatives 



30* a 
49X b 
79% b 
70X C 
73X d 
'70% e 




110 
160 
240 
270 
355 
4-40 

a ) Based on cj" h 0 
T 6 8 

°) Based on CP H 0 
7*6 8 

C) Based on C^F^O 

d ) Based on C_F H 0 
7^ 6 8 

*) Based on C^H 0 

"""to can he isolated v., reaction 

1SOlated conventional techniques t- « 
"tailor" a Mr +, , ^canigues. It is possible to 

a particular fluorinated ethpr * 

^ic uses bv T ^ ° f raterlalS ' to 

— . *Y one of the ^ follc ^ g ^ 





(a) 
(b) 
(c) 
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starch/iodide paper. Nitrogen gas was passed through the 
bed at 50ml/min for 30 minutes at the required 
temperature of 44(X°C^ The oxolane compound I (1.93g, 
8.7mmol) was added dropwise at a rate of about 1 ml in 10 
5 minutes, and the products collected in a trap cooled by 
liquid air. The bed was flushed out with nitrogen for 15 
minutes. The trap v/as warmed up to room temperature, 
anhydrous sodium carbonate was added to remove dissolved 
hydrogen fluoride, and the colourless liquid (2.27 g) 
10* separated. The liquid was distilled at atmospheric 

pressure to give perf luoro-2-propyl-oxolane, Bpt 79°C, 
with a yield of 71%. 
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Example 2 
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temperature of 44Qo r ^ . 

and „ ' " 3 •* Perfluoroethere 

i-ivj and by-products (V) Th« 
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Example 3 

The addition of a variety of ethers (I) to 
5 tetraf luoroethene (CF 2 =CF 2 ) v/as carried out using a 

tertiary butyl peroxide catalyst at a temperature of 140°C 
in an autoclave. Each ether (I) gave a mixture of 
adducts (VI) which were separated and fluorinated 
individually using a cobalt trifluoride catalyst at a 
10 temperature of 440°C to give the perf luoroethers (VII). 
The results are summarised in Table III: 
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Example 4 
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Dimethyl ether was added to trif luoroethene by a 
free-radical reaction using a tertiary butyl peroxide 
catalyst at a temperature of 140-c in an autoclave. The 
product mixture was separated into the adduct isomer 
mixtures (VIH, which were fluorinated using a cobalt 
trifluoride catalyst at a temperature of 440-C to give 
the perfluoroethers (IX) the by-products (X) . The 
results are summarised in Table (iv): 



TOT; 

tf/s. WIPO" . 
<?/VATlO^ 



WO 84/02909 



2 



1 



PCT/CB84/000I3 



> 

M 

co 

§ 



to 

W 

cu 
o 
cs 
o 

a 
u* 
oc 
cu 
ou 

co 
u 

ZD 
D 
O 
(X 
CU 

o 
e« 

z 
o 

M 

< 
Z 



o 

Cu 

Q 
Z 
< 

CO 

z 
u 

H 
Ci3 

o 

cs 
o 

Cu 

M 

cs 

o 

cs 
cu 

cu 
1-3 
>l 

X 
CO 



Cu 

o 

z 
o 

M 

e< 

M 

a 
a 
< 



O 
U 



u 

o 

o 



< 



Cu 
JZ 

<N 
Cu 
O 

CN 
Cu 

u 

CN 
Cu 

a 



Cu 



CN 
Cu 
CJ 

u 

0) 



Cu 

a 

CM 

Cu 
U 



Cu 

u 

c^ 
u 



CO 

o 
=> 

Q 
O 

cs 

x ou 

M | 



< 



u 



CN 

Cu 

y 



a 

Cu 

u 

CM 

Cu 

a 



M 

> . 



5C 


CN 


Cu 




CJ 


o 


11 






a 


Cu 




u 





CO 

u 
o 

< 

O 

o 

O 



o 
o 

.SB 

o 























A* 










uu 






















CO 








ce 


a 








cu 










a* 












z 








- CO 










Q 




















cu 










M 






i 




>« 


X 






CN *—< 












cn 










UCT 








aT of 1 
u u 

in 


a 










o 


X 




i 


™ CN 


-PR' 








u & 














Cu Cu 

0 c 


BY 


















X 










M 












u 




<N 






o 




VO 


O I 


4J 


w 


















a 














o w 
















Q 




CJ 










CU 3 






CO 


^* 


CS Q 






M 


X 


3 O 






>< 


M 


E" 1 05 
X Cu 






OP 




M 




















o 










CO 






cs 






o 


o 


CO 




U4 ^ 










M Z 


1! 


It u 






CU M 






CO 




M C, 


-C 




o 




h a 






c: 




z a 






o 








C^ CN 






LJ tu 












it 


it ii 


Cu 










cs 




3 Cu 






CO 










cu 










o 




















CO 










M 




CN 


O 




>< 




VO 


* I 




















CN 


m 






n 


n 


II 


a 


H 








M 








Q 


M 


+ 


+ 


II 


O 


> 




CD 


0) 


< 




+ 


+ 


II 






•a 


■a 








+ 


+ 


u 






u 


u 


CJ 



WO 84/02909 



- 22 - 



PCT/GB54/00013 



10 



15 



20 



It is to be understood that in making the novel 
fluorinated ethers according to the present invention 
other techniques for fluorinating the adducts may be 
employed, for example elemental fluorine or ClF 3 or 
electrochemical fluorination may be employed. 

In many working fluid situations the working fluid 
is exposed to cyclic temperature changes, and the 
fluorinated ethers according to this invention provide 
compounds or mixes of compounds which are suitable for 
this purpose. The fluorinated ethers may be employed in 
an apparatus in which there is 'transfer of heat from a 
higher to a lower temperature, or alternatively in an 
apparatus where there is transfer of heat from a lower to 
a higher temperature. Furthermore, it is to be noted ' 
that the fluorinated ethers may be used in apparatus in . 
which there is a change from a Uquld to . vapour ^ 
and back to the li guid state , such „ ±> ^ ^ ^ 
the heat pump. A particular use where a change of state 
is involved is in using these working fluids in a 
refrigerator: another use is in the transfer Qf heat ^ 
chemical reactors and the like. One particular situation 
where the fluorinated ethers of this invention may be 
used with advantage is in the generation of power, f or 
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example Organic Rankine Cycle power generation or the 
abstraction of heat from geothermal sources, including 

1 

the conversion of geothermal energy to work. 

The compounds or mixtures of compounds according no 
5 the invention for use as the working fluid in a heat pump 
may be chosen so as to provide the desired critical 
temperature and boiling point. Other factors are 
relevant, but these are the prime ones. The critical 
-temperature and boiling point desired will depend upon 
10 the condensing and evaporating temperatures used in the 
heat pump. 

A suitable substance for use £s a working fluid in a 

heat pump condensing at T c and evaporating at T £ would 

have a critical temperature substantially higher than T c 
15 and a normal boiling point substantilly lower than T £ . 

Thus for example, if T Q =» 150°C and T £ = 100°C, a 

possible working fluid would be 1.1.1.2.3.3. hexafluoro 

butyl methyl ether which has a critical temperature of 

236°C and a normal boiling point of 87°C, or 
20 perf luoro-2-propyloxolane which has a critical 

temperature of 206°C and a normal boiling point of 79°C. 
Adducts formed by reacting tetraf luoroethylene 
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«*2 - CP 2 ) with hydrogen COntain . ng< ^ hydrocarbon 

ethers are formed as mix*-u— a ^ • 

lx - u -» of products. The reaction 
tends to produce telomers of the type „ ( . Cp 

R O R* where n may be from 1 to. well above 8 

Fluorination of these telomer mixtures can produce 

mixtures of compounds accordina tn ^ • 
hn4l . wording to the invention having 

boilxng points, critical tem perat ures and other 
Properties suiting them for particular uses. For 
-stance, when tetraf luoroeth yle ne is reacted to add to- 

;:rr furan the ~ af - — - - 

Products are obtained which are useful * 

follows: ' f ° r eXample ' as 



for low values of n 

in „ ~ W ° rklng fluid * ^d coolants 

intermediate values of n - f, •„ 

fluids for vapour phase 

. . t soldering, and 
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CLAIMS: 

1. A fluorinated ether which is the product of a 
5 fluorination reaction of an adduct formed by the 

free-radical addition of a f luoro-olef in and a 
hydrogen-containing ether. 

2. An ether as claimed in claim 1 which is fully 
10 fluorinated during the said fluorination reaction. 

3. An ether as claimed in claim 1 or claim 2 
wherein the hydrogen-containing ether is of the formula 
R-O-R' wherein R and R' are hydrocarbon groups or 

15 together form a single hydrocarbon group and the. total 

number of carbon atoms in the hydrocarbon groups R and R* 
is up to 10. 

4. An ether is claimed in claim 3 wherein the 

20 groups R and R' -are the same or different and are methyl, 
ethyl, propyl or butyl groups. 

5. An ether as claimed in claim 3 wherein the 
groups R and R' contain halogen. 
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6. An ether as claimed in any one of the preceding 
claims wherein tne fluoro _ olefin . s tetrafluoro . ethylene 
or hexafluoropropene. 



7. An ether is claimed in any one of the preceding 
claims wherein the hydrogen-containing ether used in 
forming the adduct is" dimethyl ether, diethyl ether, 
dipropyl ether, tetrahydrof uran, dioxane, 
tetrahydropyran, trimethylene oxide, or ethylene glycol 
dimethyl ether. 

8- An ether as claimed i». any one of the preceding 
claims wherein the ratio of the f luoro-olef i„ ' to the 
hydrogen-containing ether in the adduct is 6ll to 

9. An ether as claimed in any one of the preceding 
clazms wherein the ratio of the f luoro-olef in to the 
hydrogen-containing ether in the adduct is 2:1 or 1 :1 . 

10. An ether as claimed in claim 1 which is the 
Product of a fluorination reaction and is one of the 

following : * 
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n ■ 1, 2, S 



n = 1, 2, 3 



10 



Or' 



,CF 2 CF 2 CF 3 



CF,CF-OCFCF, 
3 2, 3 

CF 2 CF 2 CF 3 



. IS 



F 2 CF 2 CF 3 ; 



CF 3 CF-0-CFCF 3 



CF 3 CF 2 CF 2 CF 2 CF 2 CF 3 ; 
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U. A process for the preparation of an ether as 
claimed in any one of the precedin, claims wherein the 
fluorination of the adduct formed by the free-radical 
addition of , fl„ or o-olefi„ and a hydrocen-containinc 
"her is effected by the us. of „balt trifluorid- as a 
"uorinatin, a g e„c at a temperature of above 200-C. 

A process is claimed in claim „ „ herein t „. 

temperature employed is in the ran,, of from 400-C to 

10 450°C. 
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The use as a „or k i„ 9 > lui<1 o£ . fluorin , lM 
as claimed in any one of the claims 1 to 10. 

»• A heat pump wherein the workin, fluta en , ploye(J 
» ^luorinated ether as claimed in any one of claims i 



X " 1 °" a of ch " £ »-i» •■ o , . «, - cp , F 

o R- is the fluorinated residue ofVhyd^ 

containing ether an* « * 

y ctner and n is from 2 to 4, 



n 
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16. The use as a fluid for vapour phase soldering of 

a compound as claimed in claim 1 and of the formula R 1 0 

r- (CF„ - CF^) F wherein R' O R- is. the fluorinated 
2 2 n 

residue of a hydrogen containing ether and n is from 4 to 
5 7. 

17. The use as a lubricant of a compound as claimed 
in claim 1 and of the formula R* O R- (CF 2 - CF 2 > n F 
wherein R 1 O R- is the fluorinated residue of a hydrogen 

10 containing ether and n is 8 or more. 
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